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Objectiws. This study was desigwd to detecndw the cliical 
utility aad feasibility of using 12.5.;MBz ultrasound catheters for 
Miac echwardtograpby. 
S!zc&oand. Iatracardtar echocardiography is a potenliatty 
us&t lecbntque of cardine imaging and monitoring in cecrtsin 
uttings. ‘l’tw k&batty of intracardiac echoeardttpby wing 
20-M& ultraw.wd catbetsrs in patients has been demonstrated. 
Blab mwhltkw imaea of normal cardtac structare5 as well as 
mkix abmwmtit& have been obtained. Howaver, imaging has 
been limbed by the shattaw depth of lleld inherent in btab 
There has been an increased interest in catheter-based 
interventional procedures for disorders that were once ap- 
preached stugkally. These iuclude percutaneous mitral aad 
aortic balloon valvuloplasty, wheter closure ofatrial septal 
defects and patent ductus aneriosus, and tmnscatheter ab- 
lation of bypass tracts and atriover,tricular (AV) node mod- 
ification. Procedure-related complications such as acw 
severe valvular regurgitation. cardiac perforation, cardiac 
tamponade and death have ‘been reported during these 
interventions (t-3). Improved imaging of cardiac sbwtures 
while the procedure is in progress may assist in the preverr 
tion or early diagnosis of these complications. Echacardiog- 
raphy could provide suitable imaging and guidance, but 
existing techniques have several disadvantages. Transtho- 
racic echocardiography is frequently rubvptinml when per- 
formed in the catheterization labmatory because of space 
limitations. the need to mserve a sterile field and the 
potential for exposing th; sonographer to high levels of 
radiation. Transesophageal echwardiography allows ior 
continuous imaging while avoiding the diffculties inherent in 
the perfommnce of transthoracic echocardiography in the 
catheterization laboratory; however. this procedure may be 
uncomfortable to the awake patient if prolonged imaging is 
required. When continuous transesophageal echccardii 
graphic monitoring was performed in patients undergoing 
pxcutaneous balloon mitral valvuloplasty, some inves!igam 
tars have administered general anesthesia with e&tracheal 
intubatian (4). Intracardiac echocardiography, ultrasound 
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Figure 1. Schematic diagram of the imaging catheter. The device 
cuuaists of an ultrasound transducer (?J at the end of a mtating 
shaft, which are contained within a 6F catheter. The ultrasound 
beam is aimed at a 10” forward angle. 
imaging performed using a catheter-based transducer within 
the he&l. is a possible improvement over existing methods 
when prolonged imaging is required. Initial work in animals 
with T-MHz lransesophageal echocardiagraphic probes dem- 
onstrated that this technique can provide detailed informa- 
tion on cardiac structure and function (5,6). The size of those 
lransduccrs, 10 mm in diameter, precludes clinical use. 
Ultrasound catheters with 2OMHz transducers have been 
employed in patients, but the depth of field provided by 
these instruments is limited. In general, cardiac structures 
cannot be visualized in their entirety (7.8). Our experimental 
work with 9F, 12.5.MHz catheters was encouraging in that 
the depth of field was expanded, allowing for greater par- 
lions of the heart to be imaged al a given time (9). We now 
report our experience using smaller, 6F, I2.5.MHz catheters 
for intracardiac echocardiographic imaging in animals as 
well as patients. 
Methods 
Imaging devices. Catheter-based ultrasound transducers 
were used for intracardiac echocardioaraohv IFia. II. The 
transducer consists of a damped singie&&‘fo&ed ele- 
ment with an aperture of 1 mm (Boston Scientific). The beam 
is aimed at a 10” forward angle. The transducer is at the end 
of a rotating core that is housed within a 6F 110.cm polyelh- 
yiene catheter. The core is rowed by an external motor al 
MK) rpm: the frame rate is 101s. This transducer, when 
coupled lo an ultrasound imaging console adapted for oper- 
ation at 12.5 MHz (Diasonicsi, produces circular images 
with the catheter in the center. The best lateral resolution is 
0.5 mm; axial resolution is calculated to be 0.2 mm. Beam 
width is 55%. The distal end of the catheters is either blunt 
lipped, for use without a guide wire, or has a tract that will 
allow for use with a 0.025 in. (0.064 cm)-wide wire. The 
blunt-tipped catheter easily tits through-u standard 7F 
sheath, whereas the catheter that emoloys a wide wire tits 
through a” 8F sheath. 
Animal altuBe. Eight mongrel dogs weighing I5 lo 2.5 kg 
were anesthetized with sodium pentobarbitai and inlubated 
on a Harvard volume cycle respirator. Introducer sheaths, 
8F, were placed in the riahl carotid artery. riaht iuaular vein 
and rightfemoral art&and vein. Bln&ip~ed &sound 
catheters were advanced into the right atrium, right ventricle 
and pulmonary artery from the jugular and femoral veins. 
The catheters were then introduced into the carotid and 
femoral arteries, the aorta and the left ventricle. In two dogs, 
the catheter was passed retrograde across the mitral valve 
and into the left atrium and mdmonarv veins. Catheter 
location was determined by thkultrasound image and guo- 
roscopy. Intracardiac echocardiographic images were re- 
corded continuously during catheter manipulation. Ullra- 
sound and fluoroscopic images were recorded on OS-in. 
(1.27 cm) VHS videotape. After imaging was completed, the 
animals were euthanized with anesthetic overdose. Animal 
experiments conformed lo the guiding principles of the 
American physiologic Society and were approved by the 
New England Medical Center Animal Research Committee. 
Human studies. Intracardiac echocardiography was per- 
formed in 92 patients (aged 4 through 78 years). Patients who 
were undergoing cardiac catheterization, eieCtrOphysioiO8iC 
studies and cardiac surgery were recruited. Informed con- 
sent was obtained before all prwedures; studies were ap- 
proved by the local human investigation review committees. 
Imaging was performed after the completion of an uncom- 
plicated catheterization or eleclrophysioloaic study, or be- 
fore the instiNliOn of cardiopul&n&y bypass fur patients 
undergoing surgery. When intracardiac echocardiography 
was performed in the catheterization or electmphysiolcgy 
laboratory, the catheters were introduced into the arterial or 
venous system. or both, through 8F vascular sheaths already 
in place. The catheters were advanced into the cardiac 
chambers under fluoroscopic guidance. When right heart 
imaging was wfortned, the catheter was advanced into the 
right atrium, right ventricle and pulmonary artery. Direct 
introduction of the catheter into the pulmonary artery was 
usuaily possible; however, in a small number of patients a 
balloon-tipped catheter was initially advanced and then 
exchanged for the ultrasound catheter over a anide wire. 
Alternatively, a Mullins sheath was placed in the right 
ventricular outflow tract and the ultrasound catheter was 
introduced through this sheath. 
Left heart studies involved imaging of the aorta, aortic 
valve and, in some eases, the IeR ventricle. Left heart 
imaging was performed by retrograde catheterization in a8 
but one patient in whom the ultrasound catheter was ad- 
vanced anterograde across the alrial septum through a 
Mullins sheath after balloon mitral valvnloplasty. Additional 
hepar+ was administered intravenously, as needed, before 
intracardiac imaging. Studies were @armed using either 
the monorail guide wire catheter or the blunt-tipped cathe 
ter. 
For studies performed in the operating room, the ultra- 
sound catheters acre placed in the right atrium through an 
Figure 2. Intracardiac echacardio~m recorded 
from a canine IeA venoicle during diestole tlell) 
and systole (right). The ventricle is displayed in a 
short-axis orientation. The catheter ring signal is 
in Le center of the left ventricular cawty. The 
myoardial texture can be appreciated. The bright 
echo layer around the periphery is the parietal 
pericardium. 
atriotomy that was later used for the bypass camuda. The 
catheters were advanced into the right ventricle. Imaging of 
the left side of the heart was accomvlished bv advancinp. the 
catheter through an aortotomy. The c&ter was ;hen 
passed retrograde into the left ventri&. In two patients. the 
catheters were inserted through a pulmonary venotomy and 
advanced antemgrade into the left atrium, across the mitral 
valve, and then into the left ventricle. The ultrasound image 
and direct palpation were used to determine catheter PO& 
lion during introoperative studies. Blunt-tipped catheters 
were used in the operating roao. 
Ultrasound imaaes were recorded on 0.5.in. VHS video- 
tape; cincangiography was used to record Ruoroscopic im- 
ages. 
ReSUlt.5 
Animal studies. Real-time. two-dimensional images of 
right and let? heart structures were obtained in all dogs. 
When introduced into the venous circulation, the catheters 
could be easily advaoced into the right heart chambers. The 
right atrial cavity, free wall and inter&al septum were 
visualized. The catheter could be manipulated to enter the 
coronary sinus. From this location, the coronary sinus and 
left circumflex coronary artery were visible. Advancing rhe 
catheter From the right atrium enabled the tricuspid valve 
and right ventricle to be imaged. Right ventricular wall 
thickness and systolic function could be ascertained. The 
right ventricular outflow trac( appeared as a thinner-walled 
struco~re. The probe could be further advanced to allcw for 
imaging of the pulmonary valve and pulmonary artery circu- 
lation. 
The left ventricle was entered by retrograde passage from 
either the femoral or the carotid artery. Shoti-axis or oblique 
views of the left ventricle were obtainable. When viewed in 
short axis, the full circumference of the ventricular cavity 
was seen. as was the entire thickness of the myocardium 
(Fii. 2). The parietai pericardium appeared as a bright echo 
layer just outside the myocardium. Letl ventricular systolic 
function could be assessed by noting changes in cavity size 
or wall thickness fmm end-d&ok to end-systole. By mtat- 
ing the catheterandchangingthealignmentoftheultmsouod 
beam. the left ventricle could be imaged obliquely, allowing 
for the mitral valve and left atrium to he displayed. Appro- 
priate positioning of the catheter enabled all four cardiac 
chambers to he viewed (Fig. 3). In the two dogs in which the 
catheter was passed into the left atrium, the entire atrial 
cavity, including the appendage, was seen. Additional cath- 
eter manipulations allowed for entry into each of the pulmo- 
nary veins. These appeared as thin-walled stmctures sur- 
rounded by bright echoes reelected from surrounding lung 
tissue. 
Slow pullback of the catheter into the aorta allowed for a 
series of images to be recorded. At the valve level, -II three 
cusps of the aortic valve and the valve ring were visible. 
When the catheter was pulled back to the level ofthe sinuses 
of Valsalva. an image similar to the pamsternal short axis at 
the aortic level could be obtaiwd (Fig. 4). 
After termination of the animal experiments, the heart 
Figure 3. Intracardiac echocatii of a canine heart with the 
carheter in the left ventricle (LV). Tbe caMer is just below the 
anterior milml lea&t. All fourcardii chamhen as wett as the mitral 
and tricuspid valves can bt seeo. LA = lett aoium: RA = right 
anium: RY = right ventricle. 
F&we 4. Ultrasound image recorded from a canine amtic mot. 
Both atria and the interatrial sepmm are imaged adjacent o the 
aurta. The main pulmonary artery (PA) is visualized anterior to the 
aorta. The ostium ot the left main com’&#y artery (LM) just 
proximal tu its biiurcation can be observed. Other abbreviations a
in Figure 3. 
was removed and examined. There was no grass evidence of 
catheter-induced trauma to any intracardiac structwe. 
Intracardiac echwardiography in patients. Imaging of 
right ham S~WEIUW. Intracardiac echocardiography was 
performed in 92 patients; in 80 by the percutanews approach 
in either the cardiac catheterization or electrophysiologic 
laboratory and in 12 in the operating ream during cardiac 
surgery. Right heart structures were imaged in 68, the 
arterial circulation and left heart struc!ores in 3s; both right 
and left heart structttres were imaged in 1 I patients. Entry 
into the right atrium from the vena cava was heralded by an 
hr!!pt i~rezse ir. ck~~ber size (Fig. 5j. The righx atrium 
could be seen in detail, allowing for images of muscular 
trabeculations as well as the interatria septum, with the 
thick muscular portion and thin fossa ovalis membrane. 
Manipulation of the catheter allowed for visualization of the 
ostium of the coronary sinus. As the catheter was passed 
into the tight ventricle, the tricuspid valve motion could be 
ascertained. The right ventricle could be identified bv its 
thicker, muscular walls and its rrescentic shape. Systolic 
function could be qualitatively assessed by noticing changes 
in wall thickness and cavitv size with each svstole. Contin- 
ued passage of the catheter brought the &ht ventricular 
outRow tract and pulmonary valve cusps into view. Leaflet 
m0QhOlogy and function were observed. The pulmonary 
artery and its branches became visible as the probe was 
passed distally. Systolic pulsation of the larger pulmonary 
arteries could be appreciated. 
Imaging of I& hem structures. Imaging frnm the ate- 
rlal system allowed far the evaluation of left heart ~tructurw. 
All 12 attempts to introduce the catheter into the let? 
ventricle in a retrograde fashion were successtid. Serial 
short-axis tomographic sections of the ietl ventricle demon- 
strated the relativelv thick mvocardial walls. PaDillwv mus- 
cles and chordae t&tdineae were evident. Cavity s&e and 
regional wall thickness could be evaluated, although the 
entire circumference of the mid and outer layers of the 
myocardium WBS not always appreciated at every given 
catheter location. By observing changes in cavity area with 
each systole, systolic function could be qualitatively evalu- 
ated in 8 of the 12 patients (Fig. 6). Withdrawal of the 
catheter into the left ventricular outflow tract brought the 
anterior mitral leaflet into view. It appeared as a thin, linear, 
mobile sttwture; the diastolic motion of the leaRet could be 
easily appreciated. Continued withdrawal to the aorlic valve 
yielded images that demonstrated all three am-tic valve cusps 
and the amtic valve ring (Fig. 7). Systolic lea&t excursion 
FIgwe 5. Intracardiac eehwadiograms recorded 
fmm the right utdum of a patient in the cardiac 
catheterization laboratory. I& The catheter sig- 
nal is in the center. surrounded by an echo-free 
MIX representing the right atdsl cavity. The cm. 
owy sinus (CS) is visualized as it drains into the 
right atrium. A thin linear echo below the catheter 
is the Idcuspid valve @rrw). Rl@t. The catheter 
is now adjacent to the intcmtdal septum. The thin 
fussa walk can be easily diUerentiated from the 
muscular portion cl tb septum (arrow). The su- 
wdor vena wa (SVC) is seen entering the right 
atrium. 
Figure 6. Diastolic Mi and systolic @ight) images 
recorded from a human Ien ventricle in the catheter. 
ization laboratory. The papillary n~mcles are seen 
protruding imo the left ventricular c&y. Reduced 
cavity size is evident during systole. 
was evident. With the catheter just above the aortic valve, 
images of the coronary ostia and proximal portion of the left 
main coronary artery could be recorded in eight patients 
(Fig. 7). The proximal anastomoses of saphenous vein aor- 
tocoronary b&s @atIs could be visualized (Fig. 8). Two 
grafts, one to the left circumflex and one to the left anterior 
descending coronary artery. were entered with the blunt- 
tipped catheter without the use of a guiding catheter. The 
&ftfs were viswdiied along their entire length. including the 
distal anastomoses with the coronary arteries. Images of the 
aortic arch and descending aorta were available with further 
Pullback. 
In two patients, left heart structures were imaged by 
advancing the catheter through a pulmonq venotomy in- 
traoperatively. In these instances. the entry site of the 
pulmonary vein into the left atrium and the body of the left 
atrium were seen. Both mitral lcatlets were visualized as the 
catheter was passed into the left ventricle. Images of the left 
ventricle. similar to those obtained by the retrograde ap 
preach, were also acquired. 
Cardiovascular abnormalities. These uwe noted in 22 
patients. The abnotmalities. ultrasound findings and inde- 
pendent imaging modalities that conlimxd these findings are 
sumntwized on Table 1. Pericardiat effusion appeared as an 
echo-free space outside the right atrial free wall, the bright 
pxietal pericadial echo signal was seen intermitten~y, 
decendine on the size of the effusion (Fie. 91. In the natient 
wiih tam&.de. the super& vena caka&dright &al free 
wall exhibited intemt!ttent collapse. Right ventricular dia- 
stolic collapse was not visualized. After pericardiaxentesis. 
the echo-free space representing the effusion had decreased 
in size. 
Qualitative a~essmen! ef !eft verL6cu!ar function. per- 
formed with the catheter in the left venlticuiar cavity yield- 
ing short-axis images of this chamber demwstrated septal 
hypokinesia in one patient. The other patients in whom left 
ventricular function could be evaluated exhibited normal 
systolic contraction. Right ventricular dysfunction was dem- 
onstrated in two patients who had prior intmcardiac repair of 
tetralopy of F&t. 
In the patients with a&d septal defects, the ultrasound 
probes were easily advanced across the defects by using 
standard catheter manipulations. Catheter position i  the left 
atrium y/w confirmed tluoroscopically. Slow pullback of the 
catheter into the right atrium allowed for visualization tithe 
septal defects. which appeared as an abrupt narrowing 
between the two chamber and the circumference of the 
Cfects could be seen (Fig. 10). 
Qtgwe 7. Left, The ultraswnd catheter is at 
the level nf the sonic valve. All three amtic 
cusps and the valve ring are welt visualized in 
their entirety. It!@& The catheter is with- 
drawn slightly, allowing for the ostium of a 
coronary artery to be displayed (-). 
Both acquired and congenital aortic valve disease were 
detected (Table I). An example of a mildly stenotic bicuspid 
valve is displayed in Figure 11. Other abnormalities noted 
included aneurysmal co&ary ostia in patients with Ka- 
wasaki disease (Fig. 12) and a right atrial mass (Fia. 13). The 
mass was mobile.lobulated ani attached to the-interatrial 
septum. Myxoma was diagnosed an the basis of findings on 
transthoracic and transesophageal echocardiography. The 
images obtained from intracardiac imaging from the right 
atrium did not alter this diagnosis. The mass was resected 
and the interatri.4 septum was repaired with a paicardial 
patch. Gmss and pathologic examination of the mass led to 
the diagnosis of right atrial lipoma. Imaging of the interatrial 
septum atIer resection demonstrated that no interatrial com- 
munication was present, a finding confirmed by intraopera- 
tive transesophageal echocardiography. 
In addition to demonstrating these abnormalities, elec- 
trode catheter position in various intracardiac positions was 
noted when intracardiac echocardiography was performed in 
the electraphysiology laboratory (Fig. 13). The pacing cath- 
eters reflected a briaht echo simwl. with acoustic shadowine 
Figure 9. Intracardiac ecbocanlioglam from a patient with a large 
pericardial effusion. The catheter is in the right atrium (ItA). 
Adjacent o the catheter is the intetetrial septum and left &urn 
(LA). The p-ericardiel ffusion (PE) is seen outside the right atrial 
free well. The bright echo outside the e&ion is the parielal 
p&ardium. The volume of fluid drained fr@m the paicardial space 
exceeded 1 liter. 
body of the catheter by a visually apparent increased retlec- 
tance of ultrasound signals at the tip. 
The average time required to perform intracardiac echo- 
cardiography was IO min. In some instances. radiofrequency 
interference from monitoring equipment produced &fact 
(Fig. 6 and 7): however, this did not prevent interpretation of 
the images in real time. This artifact was not encountered in 
all of the catheterization laboratories and is not an intrinsic 
problem of the iotracardic ultrasound instrument. No com- 
plications other than transient premature attial and ventric- 
ular contractions were noted. There was no evidence of 
thrombus on the catheters or guide wires after removal. 
Figwe 10. fntracerdiac recording of en atrial 
septal defect. The catheter is being pulled beck 
from the let7 atrium (LA) to the right atrium 
(RA). The schematic at uppr left demonstrates 
the eethcter positioo aemss the defect. The rim 
of the defect appears bright with the atrial 
septum itself visible beyond, as demonstrated 
by the schematic at law kfl. 
Advantagff and with 
the lZ.%lHz traasducers. This study demonstrates, for the 
first time. the ability to perform real time, two-dimensional 
ultrasound imaging recorded from within the human heat in 
viva using relatively low frequency (12.5 MHz) transducers. 
This work represents another step in the development of 
intracardiac echocardiography beginning with single- 
element transducers (10.11) and, later. catheter-based 
M-mode transducers (12.13). Work was recently carried out 
“sing 20.MHz ultrasound catheters in patients (7,8,14-16). 
The cardiac chambers. valves, pulmonary arteries. at&.! 
sepal defects and pericardiul effusion have been visualized 
with this method. Unfortunately, the high frequency ultra- 
sound transducers used allow for visualization of a relatively 
small depth of field. For intracardiac imaging. where a larger 
field of view would be desirable, lower freqoeacy tmnsduc- 
ers are required. In contrast to prior studies “sing ~-MHZ 
transducers in experimental prepuratioos, the six OF the 
catheters used in this study are sufficiently small to allow for 
easy passage into the heart with the percutaneous approach, 
and the transducers used were of a lower Frequency than 
those previously available. With these devices, high quality, 
real time. two-dimensional images ofthe heurt were obtained 
from inside each of the cardiac chambers. Relative chamber 
size and function, as well as the “pppomnce of the cardiac 
walls, could he determined. Information regarding valve 
morphology and motion was obtainable. Peticordial etision, 
inlrucardiac masses end intracardiac devices were visual- 
ized. Such imaging was performed safely, quickly and easily 
duritm catheterization or ooerative omcedures. 
Alihough we have dent&truted the feasibility of intro- 
cardiac echocardiography with G!.S-MHz catheter-based 
transducers and have shown the ability to detect some 
cardiac abnormalities, we did not attempt to comprehen- 
sively define the applications ofthis procedure. In this study, 
the presence and severity of certain cardiac abnormalities 
such as ventricular dysfunction and valvular stenosis were 
qualitatively evaluated. No attempts were made to deter- 
mine the sensitivity or specificity of this technique to identify 
cardiovascular disease. 
The ideal device for performing intracardiac echocardi- 
ography in patients has also not been determined. By using 
a preshaped catheter, more imaging planes may be available, 
allowing for increased cardiac visualization (17). Balloon- 
tipped, flow-directed ultrasound catheters have ken used 
exp%imentally to image the right atrium, right ventricle, and 
pulmonary arteries without the need for Ruoroscopic guid- 
ance (IQ When oa-fected. such a device can be used at the 
bedside in a mark similar to that of the pulmonary artery 
catheters currently employed for hemodynamic monitoring. 
One could then obtain serial echocardiographic data on left 
ventricular function. A prerequisite for such imaging is u low 
frequency ultrasound transducer with sufficient depth gene- . 
tration. 
Although the depth of field visible with 12.5.MHz cathe- 
ters allows for viewing larger portions of the heart than is 
possible with M-MHz catheters, further reductions in ultra. 
sound frequency may be required, especially in patients with 
Figure 11. Uhrasound images of a bicuspid aortic 
valve during dir&ale ,&I?) and systule (right). From 
the systolic frame. the orilice ofthe Mlve is oriented 
from the t* o’clock to the 4 oklack position. The 
commissure on the left is slighdy thickened and 
contains a raphe Curaw). 
cardiac enlargement. It is not possible in adults to visualize 
left heart structures from the right heart chambers, or vice 
versa, with the instruments employed in this study. Left 
ventricular function could not be adequately evaluated in 4 
of I2 patients because the entire &&ference of the 
ventricle was not in view. To image the entire heart from 
essentially one location, as was done experimentally with 
S-MHz transducers, catheters with lower frequency trans- 
ducers will be needed. In infants and small children, how- 
ever, currently available instrumentation may be useful for 
imaging the entire heart as the smaller cardiac size would be 
within the depth of field of the transducer. 
Clhdcal hnplkatlow. Once refined, intracardiac echocar- 
diographic imaging could have a variety of applications. 
Prior experimental work with S-MHz transducers has shown 
that such imaging may be used to demonstrate ischemia- 
induced wall motion abnormalities, assist with balloon cath. 
eter location during volvuloplasty, detect perlcardird &I- 
sion, and aid with the positioning of umbrella devices for 
closure of intracardiac shunts (19-21). lmtinc from the 
right atrium may guide and facili& tr&.sep& &theteriza- 
don and prevent unwanted entry of the catheter into the 
aortic root. Catheterization of the coronary sinus. a pmce- 
dure perfanned frequently in the electrophysiology labora- 
tory, can also be performed using intracardiac echo- 
Ftgure IZ. An&graphic and intravascular ultrasound 
images recorded from a child with Kawasaki disease. 
I.& The coronary angiogram demonstrates ananeurys- 
mally dilated right coronary artery (CA). Rlght. The 
ullmwund image obtained from the aorta (AO) displays 
the dilated ostium of the right coronary artery. 
FIgwe 13. Intracardiac echocardiograms re- 
corded fmm the right atriua in two patients. 
L&I, I” this recording, obtained during a” elec- 
tmphysiologic study, the catheter is in the right 
atrium. The right atrial wall is clearly evident. 
The lip of the electrode catheter is adjacent o 
the right atrial wall and visualized as a” echw 
bright stmcture (arrowbuds). Right, Image re- 
corded from ” patient undergoing resection of a 
pdunculated right atrial mass. The mass is 
see” extendins from the rieht atrial watt to the 
centerofthe zgbt atrial c&y. I” mat time. the 
mass was mobile. Pathologic examination re- 
vealed it to be a lipoma (LIP). 
cardiogmphy to aid with location of rhe ostium of the 
coronary sinus and with positioning of an electrode catheter 
near the AV groove (22.23). The anatomy of the coronary 
sinus after such pwedures can also be assessed without 
delay. Right and let? ventricular function can be evaluated: 
however, at the current time this requires entry of the 
catheter into the ventricle being imaged. Such imaging might 
prove useful during coronary angioplasty, or in surgical 
procedures perfomwzd where transesophageal echocardiog- 
raphy is not desirable because of esophageal disease or 
regional anesthesia would be used and the patient needs to 
be awake. Imaging of the pulmonary valve and puimonary 
artery may be useful before and after pulmonary valvulo. 
pk+sly 0~ PtIhttOnW’ artery awiodasty. Likewise. Dosition- 
ing the &aging catheter &ro& ihe &tic valve or mitral 
valve before and after balloon dilation is possible and may 
assist in the assessment of the results of the intervention. 
The evaluation of ostial stenosis is commonly found to be 
difficult with coronary anpiogl.aphy. Valuable anatomic in- 
formation can be obt&d by visualizing the coronary ostia 
with ultrasound catheters in the aortic root. Ultrasound 
imaging catheters may also be of use in the evaluation of 
saphenous vein graft atherosclerosis. Imaging of the cow 
nary arteries by using a catheter positioned in the coronary 
venous system has been recently described (24) and is 
another potential use of this technology in the assessment of 
coronary artery disease. 
A pclentially lethal complication of any intracardiac 
procedure is cardiac perforation with resultant per&dial 
effusion and cardiac tamponade. The ability of intracardiac 
echocardiography IO detect pericanlial fluid, demanstnted 
previously with 2GiiHz ultrasound catheters (15) and in this 
shldy with die I2.5-MHz device, is potentially of great 
diagnostic and therapeutic imprtance. The insertion of a 
catheter into the right atrium in a patient with established 
venous access could be quickly performed and allow for 
rapid diagnosis and treatment. 
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